The importance of using infrared thermography (IRT) to assess skin temperature (tsk) is increasing in clinical 1 settings. Recently, its use has been increasing in sports and exercise medicine; however, no consensus 2 guideline exists to address the methods for collecting data in such situations. The aim of this study was to 3 develop a checklist for the collection of tsk using IRT in sports and exercise medicine. We carried out a 4
Delphi study to set a checklist based on consensus agreement from leading experts in the field. Panelists 5 (n = 24) representing the areas of sport science (n=8; 33%), physiology (n=7; 29%), physiotherapy (n=3; 6 13%) and medicine (n=6; 25%), from 13 different countries completed the Delphi process. An initial list of 7 16 points was proposed which was rated and commented on by panelists in three rounds of anonymous 8 surveys following a standard Delphi procedure. The panel reached consensus on 15 items which 9 encompassed the participants' demographic information, camera/room or environment setup and 10 recording/analysis of tsk using IRT. The results of the Delphi produced the checklist entitled "Thermographic 11
Imaging in Sports and Exercise Medicine (TISEM)" which is a proposal to standardize the collection and 12 analysis of tsk data using IRT. It is intended that the TISEM can also be applied to evaluate bias in 13 thermographic studies and to guide practitioners in the use of this technique. 14
Introduction 26
The growing importance of infrared thermography (IRT) measures of human skin temperature (tsk) in 1 health and disease has been evidenced by the increase in the number of publications with this technique. IRT 2 is characterized by the use of a camera which can detect radiation and produce thermal images, called 3 thermograms (Ring and Ammer, 2000) . The thermograms contain temperature data that can be analyzed by 4 specific software which provides temperature of a region of interest (ROI) conditions under which IRT is employed. As a consequence, there can be a lack of standardization between 26 studies which can affect the interpretability of the data. However, this limitation can be circumvented with 27 the development of operational standards for the use of IRT.
In this context, we propose a checklist based on consensus agreement from leading experts in the 1 field. Checklists tend to be more reliable than guidelines as they focus on the key points for simplicity and application of IRT technique, including data collection and analysis. Therefore, this study aimed to develop 7 a detailed checklist for the assessment of tsk using IRT in sports and exercise medicine settings. It is intended 8 to standardize the collection and analysis of tsk data by end users which include clinicians, researchers and 9
practitioners. This checklist could also be applied to evaluate bias in thermographic studies, and to guide 10 practitioners in the use of this technique. 
16
Of the 30 invited experts, 25 agreed to participate in the study. Two experts declined the invitation 17 because they were too busy to participate, and a further three did not respond. One expert only completed 18 the first round leaving a total of 24 experts who participated in the full evaluation. Panelists were selected 19 based on their expertise in studies with IRT and thermal physiology, with at least three publications related 20 to the discipline or area. Once a person was identified as an expert, an e-mail was sent to him/her with an 21 invitation to participate; those who agreed received an electronic consent document. The panelists included 22 experts who self-defined themselves as working predominantly in the sport sciences (n=8; 33%), physiology 23 (n=7; 29%), physiotherapy (n=3; 13%) and medicine (n=6; 25%). They were currently working in academic 24 and/or research institutions (n=17; 71%), practicing in hospitals as medical doctors (n=3; 13%), working for 25 a company/industry (n=2; 8%), or working in the military (n=2; 8%). The panelists resided in the United 26 Kingdom (n=5; 21%), Brazil (n=3; 13%), Australia (n=2; 8%), Italy (n=2; 8%), Poland (n=2; 8%),(n=1; 4%), Portugal (n=1; 4%) and Russia (n=1; 4%). Panelists had a wealth of experience working with 1 IRT, thermoregulation, and the assessment of tsk (Median=8 years; range 4-32), and had published a median 2 of eight (range 3-80) full peer reviewed articles related to the subject examined in the current manuscript. In 3 addition, a search on the Scopus database on 06/26/2017 showed an average H index of 9 (range: 3 to 35). recommendations on the use of IRT for measurements in humans were used to develop an itemized list.
The core panel (authors DGM, JTC, CJB and MSQ) reviewed the nine documents to summarize the 1 empirical and theoretical evidence regarding the procedures involving IRT. A preliminary list (with 16 items 2 for inclusion in the checklist) was settled based on scientific evidence provided in the selected documents. 3
The core panel previously established that only aspects relating to the measurement of tsk using IRT would 4 be included in the checklist, and other aspects in the applications of IRT were not included. 5
Although no criterion is universally accepted to address consensus, the value of 80% agreement is 6 mostly used ( inclusion in the checklist. Therefore, we applied the criteria of 80% of the sum of responses of 'strongly 10 agree' and 'moderately agree' to approve an item. To help panel members in their decision-making, the core 11 panel summarized the evidence and provided the references which supported each item. In addition, the 12 panelists were encouraged to identify any study or practical experience that could help in the discussion. In 13 every round, all members were given an opportunity to comment on the items and suggest possible 14 The results of round one were analyzed by the core panel and a report was prepared containing the 15 response rating, as well as a summary of all the comments received for each item. In addition, in this round, 16 panelists were asked to indicate which tense they preferred the checklist to be in, and whether they wanted 17 to propose a new item not included in the initial list. In this context, the following questions were asked: 1) 18 In order to improve the understanding and interpretation of the proposed items, which tense do you deem to 19 be the most appropriate for the presentation of the checklist? 2) Do you want to propose an item that is not 20 included in this checklist? If yes, please, propose the item and identify where you think it should be located 21 in the checklist. (have/should/must). As some items were approved in round two (5 items), only those items that did not 27 receive consensus were assessed further. The response ratings and a summary of all the comments receivedwere presented again. The study was concluded in this round since we achieved the previously established 1 threshold for consensus. The phases of the study are presented in Figure 1 . Decisions in this round included modification (6; 38%), rephrasing (8; 50%), and exclusion (2; 12%) 10 of items. In general, the items obtained a high level of agreement between the experts, however some items 11 were judged incomplete or wrong (the number of the approved item in the final checklist is expressed in 12 table 1 -items: individual data, previous instructions, environmental condition, image background, 13 acclimation and camera preparation) while others required alternate phrasing (items: extrinsic factors, 14 environmental setup, equipment, image recording, camera position, emissivity, body position and image 15 evaluation). For the incomplete items, new evidence was provided by panel members and subsequently 16 incorporated. Likewise, suggested grammatical edits were incorporated to improve clarity. Although some 17 items met the approval criteria, none was approved in this round, since it was deemed by the panelists that 18 the proposed edits should be re-evaluated. 19
The core panel indentified two items (assessment time and method of drying the skin) to be removed 20 since they were judged not relevant to the checklist. Five panelists argued that both items were not related to 21 the objective of the checklist and therefore they should be excluded. All edits were highlighted and 22 explained in subsequent round for evaluation. 23 24
Round 2 25 26
The decisions in this round comprised modification (4; 25%), rephrasing (6; 38%), division (1; 6%) 27 and approval (5; 31%). Five items were approved since they met the approval criteria and no further relevantinformation was provided by the panelists (items: extrinsic factor, environmental condition, camera position, 1 emissivity and image evaluation). Ten panelists suggested a new approach to address the items "assessment 2 time" and "method of drying the skin", which were suggested to be removed in the previous round because 3 they were not related to the goal of the checklist. Based on the feedback received on these items, a new 4 version was proposed to make them applicable. In addition, the item "assessment time" was divided into 5 "assessment time" and "assessment operators", since most of the comments indicated that two distinct 6 aspects were addressed. Regarding the question about which tense would be the most appropriate, the 7 majority of panel members selected should/has/must sentences (15;63%) followed by past tense (4;17%), 8 question sentences (4;17%), and present tense (1;4%). On the basis of these data, the items on the checklist 9 were modified. 10
Only one panel member proposed a new item regarding aspects that should be considered when 11 presenting IRT images in scientific articles. The core panel considered this item related to the category 12 "body position", and it was therefore added to item 13. All decisions were communicated and submitted to 13 the next round. The final Checklist was structured as a list of 15 items (table 2) which should be marked "yes", "no", 26 or "unclear". 27 ***Insert Table 2 and accuracy of the camera is detailed. Where available, it is also important to report when and where the 19 camera was last calibrated. Regarding the sensor stabilization of IRT cameras, depending on the technology, 20 some models need to be turned on for some time prior to the assessment in order to ensure consistent 21 readings. To determine the time frame to address this issue, TISEM recommends following manufacturer's 22 guidelines or performing a quality assurance test, as described by Ring et al. (2007b) . In addition, when 23 baseline measurements of tsk are required, TISEM recommends that an acclimation period be conducted in 24 the examination room wherein ambient temperature and humidity are regulated. Although previous research 25 (Marins et al., 2014) showed that a 10-min acclimation period is sufficient wherein differences between 26 external and internal (testing room) temperature is less than 5 ºC, the panelists agreed (63%) that 15 minutesRing and Ammer, 2000). However, it is important to note that extreme temperature (e.g. more than 20 ºC of 1 difference between external temperature and room temperature), can require more time to acclimatize 2 because of the marked effects on tsk (Taylor et al., 2014). Moreover, the after-effect of the removal of 3 clothing should be considered given that it can influence tsk up to 20 minutes after undressing (Vainer,  4 2001). Therefore, the time used must be determined in accordance with the objective of the 5 study/assessment, the ROI (open skin or that under clothes) and the environmental conditions. The checklist 6 also advises that the distance between the skin and camera and percentage of the region of interest within the 7 image should be detailed in order to guarantee reproducibility across studies. As demonstrated by Ammer 8 (2015), when the camera is placed close to the region of interest, the field of view provides a more detailed 9 temperature information. In addition, the camera should be positioned perpendicular to the region of interest, 2015) in some situations, particularly during cold water immersion or exercising in water, the experts agreed 21 (92%) that the skin could be dried. However, the method of drying (e.g. towel patting) should be clearly 22 described and reported. Recent recommendations by Seixas et al. (2014) suggested that the skin should be 23 carefully dried with a microfiber towel to limit irritation of the skin (that may occur with more abrasive 24 fabrics). At the same time, it is quantitatively demonstrated that moisturizing the skin affects tsk contrast and 25 may be used to enhance the surface vessels thermal pattern (Vainer, 2001 ). In addition, a suitable practice 26 within extremity cooling studies is to use a thin plastic bag to prevent the extremity from becoming wet 27 (Eglin et al., 2013; Maley et al., 2014) . Finally, the method of analysis including the software used andwhether or not the analysis was completed manually or automatically should be described. Similarly, the 1 method employed to calculate the final temperature value (e.g. average, median, maximum or minimum) 2 should be clear described. As much information about the process itself should be provided so that others 3 can replicate the findings if needed. 4
The number of experts who have completed the process (24) is greater than other studies using a 5 similar methodological design (Boulkedid et al., 2011) . In addition the experience of the panel experts 6 (median = 8 years; range 3 to 32 years and publications median = 8; range 3 to 80), the multiple 7 nationalities (13) and different professional backgrounds (4) 
18
We have provided a checklist with 15 items directed at standardizing the assessment of tsk using IRT 19 for a wide array of end-users including practitioners, sports scientists, exercise physicians, medical 20 professionals and others. This checklist is not limited to this setting, and may also be used in others fields 21 such occupational medicine and public health. It is intended that the TISEM can also be applied to evaluate 22 bias in thermographic studies, and to guide practitioners in the use of this technique.
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